Extracts from over 100 normal human placentas have been examined for RNA-directed DNA polymerase (DNA nucleotidyltransferase, EC 2.7.7.7) activity. More than 80% of these placentas contained this enzyme activity, which banded at a density of 1.15-1.17 g/ml in sucrose. After heat treatment, this enzyme activity was shifted in density to 1.22-1.24 g/ml. The enzymatic activity was greater with (rq 0(dGh) j8 than with (dC (5, (10) (11) (12) (13) .
). They have been described in syncytiotrophoblast cells in normal rhesus monkey, marmoset, and baboon placentas (5) (6) (7) (8) . In humans, particles resembling endogenous RNA viruses have been detected by electron microscopy in embryos (9) and placentas (5, (10) (11) (12) (13) .
Spiegelman and associates (14) noted the association of RNA-directed DNA polymerase (RDDP; DNA nucleotidyltransferase, EC 2.7.7.7) with virus-like particles in human tissues. In their studies, the enzyme was detected only in human malignancies. We report here that normal human placentas contain this RDDP activity associated with particles possessing the density characteristics of endogenous RNA viruses. We believe this activity resides in the virus-like particles detected in the trophoblast layer of human placentas (5, 10, 13) .
MATERIALS AND METHODS
Extraction of Human Placental Tissues. Human placentas were obtained within 1 hr after delivery from Good Samaritan Hospital, Corvallis, OR. Tissues were used immediately or stored at -700C. The trophoblast layer facing the maternal side of the placenta was excised and approximately 100 g of this tissue was rinsed in ice-cold STE buffer (0.01 M Tris-HCl, pH 7.8/0.1 M NaCl/0.001 M EDTA). This tissue was then minced and the fragments were suspended in two volumes of the STE buffer and homogenized on ice in a VirTis homogenizer (maximum speed) in 10-sec episodes for 10-20 times. The suspension was centrifuged at 2000 X g for 10 min at 40C, and the resulting supernatant was centrifuged at 10,000 X g for 10 min at 4°C. The (0.02 mM, 3200 cpm/pmol) for 5 min at room temperature. The reaction was started by the addition of 0.5 Mg each of unlabeled dATP, dGTP, and dCTP (1.5 Mul). Duplicate samples were incubated with boiled pancreatic RNase A (320 ,g/ml, Sigma) and Ti RNase (60 Mg/ml, Sigma) for 15-30 minm 37°C. All reactions were stopped by the addition of 1 ml of 0.1 M sodium pyrophosphate and 1 ml of 10% trichloroacetic acid. After 15 min at 0°C, the acid-insoluble radioactivity was collected Abbreviation: RDDP, RNA-dependent DNA polymerase; STE, saline/Tris/EDTA buffer. t To whom all correspondence should be addressed. 6263
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Electron Microscopy. Fractions corresponding to peaks of RDDP activity at 1.15-1.17 g/ml in sucrose were pooled, diluted with phosphate-buffered saline, and centrifuged at 100,000 X g for 60 min. The supernatant fluid was removed and the pellet was fixed with glutaraldehyde. Subsequently, the pellet was postfixed with osmium tetroxide, dehydrated, and embedded in Epon/araldite (Electron Microscopy Sciences, Fort Washington, PA). After thin sectioning, the material was stained with lead citrate and uranyl acetate and examined in a Phillips EM300 electron microscope by A. Soeldner. peak of enzymatic activity was detected at 1.12 g/ml. The distribution of RDDP activity in over 100 placentas is shown in Fig. 2 . The amount of enzyme activity detected did not correlate with the number of pregnancies or the age of the woman. The absence of activity in some placentas appears to be related to the presence of an enzyme inhibitor. This inhibitor also prevents the RNA-dependent DNA synthesis by Rauscher murine leukemia virus (unpublished data).
The gradient fractions were also analyzed with the template-primers (rA) -(dT)12s18, (dC)n-(dG)12 18 , and (dG)12 18 alone ( Table 1 ). The (rCm)n (dG)12 18 template-primer is specific for viral RDDP (15) , and enzymatic activity detected with this template-primer coincided with activity assayed with (rC)n (dG)i2 18 . Assays done with (dC)n-(dG)1218 'or (dG)12 18 alone did not detect any enzymatic activity at 1.15 to 1.17 g/ml.
Divalent cation was required for the reaction with (rC)n-(dG)12i18; Mg2+ was preferred over Mn2+ under the reaction conditions employed.
Incorporation of labeled dGTP into acid-insoluble material in the exogenous reaction depended on concentration of the enzyme preparation (Fig. 3A) ; the kinetics of incorporation were linear for at least 30 min (Fig. 3B) .
RNase Sensitivity of the Endogenous DNA Polymerase Activity. The pooled fractions of the 1.15-1.17 g/ml density region of the sucrose gradient had endogenous activity in the presence of [3H]dTTP and three other nonradioactive deoxyribonucleotide triphosphates. The peak of endogenous activity occurred with fractions from the density region 1.15-1.17 g/ml. The rate of incorporation was linear for the first 30 min and incorporation of radioactivity into acid-insoluble material was RNase sensitive (Fig. 4) .
Conversion of Activity to Core Density. Upon heating at 370C, the structures banding in sucrose at 1.15-1.17 g/ml were found to undergo a shift in density to 1.22-1.24 g/ml (Fig. 5 ).
After heating, no loss in activity was observed, although 50% of the activity originally present at 1.15 g/ml shifted in density to 1.24 g/ml. RDDP activity that banded primarily at 1.24 g/ml was also observed in extracts from placentas that had been frozen at -850C for more than 24 hr and in placentas frozen and thawed more than once. The freezing procedure appeared to increase the activity banding at 1.24 g/ml at the expense of the activity present at 1.15 g/ml.
Characterization of Endogenous Reaction Product. The material banding at 1.15 g/ml was used to catalyze an endogenous reaction in which radioactively labeled DNA was synthesized. The [3H]dTTP and [3H]dGTP-labeled DNA product was subjected to Cs2SO4 gradient centrifugation. Most of the labeled DNA banded in the RNA density region, 1.63 g/ml, and some labeled DNA was bound in the equimolar DNA-RNA hybrid region of 1.54 g/ml. Labeled DNA was also detected in the DNA region (1.44 g/ml) (Fig. 6A ). After heat treatment at 100'C for 2 min, the majority of labeled material shifted in density to the DNA region (Fig. 6B) .
Electron Microscopic Examination of Fractions Containing Polymerase Activity. The material found at 1.15 g/ml was fixed, sectioned, and stained with uranyl acetate and lead citrate. Numerous virus-like particles approximately 100 nm in diameter were observed. These structures contained central electron-dense cores and double-unit membrane envelopes (Fig.   7 ).
DISCUSSION
Retrovirus-like particles have been detected by electron microscopy in nonhuman and human primate placentas. RDDP activity has been described in normal placental tissue of rhesus monkeys (16) and rabbits (17) and in human amniotic fluid (18 Proc. Natl. Acad. Sci. USA 75 (1978) 6267 plate-primer has been reported as specific for viral RDDP (15 As seen in the electron microscope, material banding at 1.15 g/ml had numerous particles of 100-150 nm. These structures have several common structural features, including a two-unit membrane envelope and a centrally located electron-dense core. In some cases, surface subunits were visible in the core and resembled the surfaces of murine leukemia virus cores (19) .
The significance of these placental virus-like particles is not known. More than 80% of all placentas examined contained some RDDP activity. Whether these structures represent congenital transplacental infection by a virus or whether they are endogenous viruses involved in developmental processes in the host is not known.
The enzyme activity in crude preparations from isopycnic gradients was not inhibited by antisera prepared against RDDP of the primate-derived viruses, baboon endogenous virus, RD-1 14, and Rauscher murine leukemia virus. The immunological relationship of purified human placenta RDDP to other primate, cellular and viral, polymerases will be the subject of a future report.
